Electrophysiological and psychophysical data indicate that grasping observation automatically orients attention toward the incoming interactions between the actor's hand and the object. The aim of the present study was to clarify if this effect facilitates the detection of a graspable object with the observed action as compared to an ungraspable one. We submitted participants to an object-identity probability cueing experiment in which the two possible targets were of the same dimensions but one of them presented sharp tips at one extreme while the other presented flat faces. At the beginning of each trial the most probable target was briefly shown. After a variable interval, at the same position, the same (75%) or a different target (25%) was presented. Participants had to press a key in response to target appearance. Superimposed to the video showing cue and target, an agent performing the reaching and grasping of the target was presented. The kinematics of the action was or was not suitable for grasping the cued target, according to the absence or presence of the sharp tips. Results showed that response was modulated by the probability of target identity but only when the observed kinematics was suitable to grasp the attended target. A further experiment clarified that response modulation was never present when the superimposed video always showed the agent at a rest position. These findings are discussed at the light of neurophysiological and psychophysical literature, considering the relationship between the motor system and the perception of objects and of others' actions. We conclude that the prediction of the mechanical events that arise from the interactions between the hand and the attended object is at the basis of the capability to select a graspable object in space.
Introduction
Selective attention is the name given to the capability of selecting a particular stimulus according to its physical properties and way of presentation, or to previous contingencies and instructions. After selection, the stimulus is processed and, if convenient for the individual, acted on. The premotor theory of attention (Rizzolatti et al., 1994; Rizzolatti and Craighero, 1998) claims that selective attention derives from mechanisms that are intrinsic to the circuits underlying perception and action. This account is deeply rooted in neurophysiological findings on how space is coded and transformed into action in the nervous system. In primates, space is coded in a series of parietofrontal circuits working in parallel Matelli and Luppino, 2001; Craighero, 2014) . The activation of those cortical circuits and subcortical centers, involved in the transformation of spatial information into action, determines both an increase in the motor readiness to respond to a specific space sector and a facilitation of processing stimuli coming from that space sector (Moore and Fallah, 2001 ). The main assumption of the premotor theory is that the motor programs for acting in space, once prepared, are not immediately executed. The condition in which action is ready but not executed corresponds to what is introspectively called spatial attention orienting . The premotor theory of attention has received support from electrophysiological (Moore and Armstrong, 2003; Ruff et al., 2006; Ekstrom et al., 2008 ) and brain imaging (Corbetta et al., 1998; Nobre et al., 2000) studies and has been extended from spatial attention to attention directed to objects. In particular, there is evidence that preparation to act on an object produces faster processing of stimuli congruent with that object (Craighero et al., 1999; Bekkering and Neggers, 2002; Fischer and Hoellen, 2004; Hannus et al., 2005; Fagioli et al., 2007; Symes et al., 2008) .
However, many experimental evidences have been collected to prove the presence of a representational sharing between action execution and action observation, particularly evident in the phenomenon named motor resonance, in which the observer's motor system is dynamically (online) replicating the observed movements (Fadiga et al., 1995; Brighina et al., 2000; Gangitano et al., 2001; Clark et al., 2004; Montagna et al., 2005; Borroni and Baldissera, 2008) . In other words, an observed action is subliminally reenacted, which exactly corresponds to the condition known as attention orienting. An evidence of the attentional consequence induced by action observation is provided by the presence of proactive gaze behavior during observation of a block stacking task (Flanagan and Johansson, 2003) indicating that the observers' gaze, and therefore their attention, is not following the hand's trajectory but it is focused onto the goal of the action well before the arrival of the actor's hand. This result is usually explained as a consequence of the fact that each observed action is mapped onto the sensorimotor representation of that same action, allowing one to understand its meaning and to predict its outcome (Rizzolatti and Craighero, 2004) . Since in visually guided actions, for planning and control purposes, gaze usually leads the hand to objects to-be-grasped, one may hypothesize that the same proactive gaze behavior is present in action observation. In a recent experiment, Flanagan et al. (2013) showed that this gaze behavior is more likely deputed to evaluate the mechanical events that arise from interactions between the actor's hand and objects, than to predict the target object of the actor's reaching movement. Mechanical events mark transitions between consecutive action phases and represent sub-goals of the overall planning and control of manipulation tasks. For example, when lifting, contact between the digits and object marks completion of the reach. Indeed, a series of experiments investigating the capacity to detect this timeto-contact showed that during action observation the exact instant at which a grasping hand touches an object is faster detected when grasping action's kinematic parameters correspond to those predicted by the observer on the basis of contextual information, in particular the suitability of the observed actions in grasping the object (Craighero et al., 2008; Craighero and Zorzi, 2012) . Specifically, it has been demonstrated that, on equal terms of kinematics, time-to-contact detection times were delayed, and motor evoked potentials from hand intrinsic muscles were reduced, when the movement shown was not suitable to grasp the object . All these data suggest that grasping observation automatically orients attention toward the incoming interactions between the actor's hand and the object.
To better understand the characteristics of this effect, the present experiment aimed to verify if observing an agent executing a grasping action induces a faster detection of the to-be-grasped object. To this end, we designed an object-identity probability cueing experiment and we superimposed the video of an agent executing an action suitable or not suitable to grasp the cued object. In particular, Experiment 1 consisted in a simple reaction time (RT) experiment in which participants had to press a key at the appearance of one of two possible graspable targets always presented at the same position. The probability regarding the identity of the target was given by a preceding cue, showed at the same position, representing one of the two targets: in 60% of the trials the target was the same as the cue, and in 20% of the trials the target was a different one. In the remaining 20% of the trials the target did not appear. Superimposed to the video showing cue and target, an agent performing the reaching and grasp action suitable for only one of the two targets was presented. Consequently, we included an experimental manipulation such that the kinematics of the action was or was not suitable for grasping the cued target. It is necessary to underline that the identity of the target as well as the movement executed by the agent were absolutely irrelevant for the task execution.
In order to exclude an influence of kinematics induced by merely visual and non-motor-related characteristics, we needed a movement which was visually suitable to grasp both objects. For this reason, trajectory and maximum grip aperture had to be adequate for both objects and, consequently, the two objects should have the same size. However, to have a movement with apparent adequate kinematics but not suitable to grasp one of the two objects, we had to manipulate the intrinsic characteristics of one of them, such as slippery, extreme temperature, presence of sharp tips, etc., rendering it ungraspable with that movement. Given the fact that the characteristics slippery and extreme temperature are not visually perceivable, we decided to use sharp tips. Therefore, we presented a bar and a three-dimensional object with flat faces and sharp tips. The two objects had the same dimensions, and the tips were positioned in correspondence of fingers' opposition space. To be sure that participants were aware of grasping unsuitability, they were required to exactly replicate the observed movement toward the two real objects before the experiment started. The weight of the object was sufficiently great (74 g) to prevent sharp tip object grasping since the result was quite painful. In contrast, grasping and lifting the flat object was really easy.
Since simple RT experiments investigating the possibility to influence object-identity expectation by manipulating its probability are not present in the literature, we replicated Experiment 1 but the superimposed video always showed the agent at a rest position. Therefore, Experiment 2 was designed to investigate the effects of object-identity expectation on object detection in order to verify the possible influence that this manipulation has on the results of Experiment 1.
Experiment 1 Materials and Methods Participants
Thirty-six students (aged 20-27, 18 females) of the University of Ferrara served as participants. All were right-handed according to the Edinburgh Handedness Inventory (Oldfield, 1971) , had normal or corrected-to-normal visual acuity, were unaware of the purposes of the study and were debriefed at the end of the experimental session. The procedures of the study were approved by the local ethical committee.
Stimuli and Procedure
Participants were seated in front of a desk and watched the videos presented on a 60 Hz CRT monitor (resolution 1024 × 768 pixels) placed at 60 cm distance. The videos showed an agent executing a reaching and grasping action toward an object. The object (Cue) was present on the desk before the start of the action, it disappeared during the execution of the reaching and then the same or a different object (Target) reappeared in the same position at the instant of touch. Participants were instructed to observe the Cue object and to tap with their right index finger on a conducting pad placed on the table at the instant at which the Target object appeared (experimental trials), and to refrain to tap when the object did not reappear (catch trials). Participants' left arm was maintained relaxed on the arm rest.
Six possible videos (Figure 1) were presented. To produce the videos we followed the following procedure.
We first videotaped one video in which the agent was sitting at a desk. A bar (7 cm length, 3 cm width, 3 cm height; Figure 2 , left) was located at a 60 cm distance in front of the agent's chest at the center of the body's midline. The bar was placed with its longer axis facing the agent. The agent reached and grasped the bar with natural velocity with fingers' opposition space parallel to the frontal plane, without lifting the object.
Then we defragmented the video saving each frame as bitmap image (25 frames/second; duration of 1 frame = 40 ms; frame size: 720 × 576 pixels) and we manipulated the frames in order to obtain the following sequence for the "flat-flat video" as follows:
(a) for 1000 ms, presentation of the model with the right hand on the desk behind the object; (b) using Adobe Photoshop 7.0, the object was canceled and only the model was presented for 520 ms (13 frames: 13 × 40 ms = 520 ms) in half the trials, or for 1000 ms (25 frames: 25 × 40 ms = 1000 ms) in the other half of the trials;
(c) the model was shown executing the reaching action in the absence of the object (2880 ms duration); (d) at the end of the reaching action (after 3400 or 3880 ms from the disappearance of the object) the object was shown again. (e) the object was shown for 760 ms.
To obtain the "sharp-sharp video" we captured an image (saved as bitmap image; frame size: 720 × 576 pixels) of a threedimensional object with flat faces and sharp tips, of the same dimensions as the bar (7 cm length, 3 cm width, 3 cm height; Figure 2 , right), placed on the desk exactly in the same position as the bar during videotaping, and we extrapolated the object using Adobe Photoshop 7.0. In each frame of the flat object video in which the object was present we substituted the bar with the object with sharp tips and saved the frames reworked as bitmap images.
To obtain the catch videos ("flat-catch, " "sharp-catch"), we replicated the sequence for both object videos but at point (d) of the sequence the object was not shown.
To obtain the "flat-sharp" and the "sharp-flat" videos, we replicated the sequence for both object videos but at point (d) and (e) of the sequence of the flat object video we presented the object with sharp tips (flat-sharp) and at point (d) and (e) of the sequence of sharp tip object video we presented the bar (sharp-flat).
Using the frames of the different categories of stimuli, we edited the six videos by means of Adobe Premiere Pro 1.5. Total duration of the videos: 5160 ms in half the trials or 5640 ms in the other half of the trials.
The six videos differed for two experimental manipulations. One manipulation was the identity between the Cue object and the Target object ("Identity"). The two objects were the same in 60% of the experimental trials when flat-flat and sharp-sharp videos were presented (same trials) and different in 20% of the experimental trials when flat-sharp and sharp-flat videos were presented (different trials). The other manipulation was the congruency between the kinematics of the observed movement and the intrinsic properties of the Cue object ("Kinematics congruence"). They were congruent in 50% of the experimental trials when flat-flat videos and flat-sharp videos were presented and they were incongruent in 50% of the experimental trials when sharp-sharp videos and sharp-flat videos were presented.
To ensure the highest temporal resolution between the presentations of the frame indicated at the (d) instant of each video (appearance of the Target) and the response given by the participants, a light sensor was placed at the bottom right of the monitor surface. In correspondence of it, a square (150 × 150 pixels) was inserted in each frame of the experimental videos. This square was black and turned white at the (d) instant of each video. The time lag between the signal recorded by the conducting pad used by the participant to respond and the change of brightness of the square was used as dependent variable. Errors were considered those trials in which the response preceded or followed the agent's touch of at least 800 ms, and trials with errors were resubmitted to the participant.
To make participants aware of the suitability of the observed grasping, before the experiment they were asked to try to grasp and lift the two objects once, by using the same finger FIGURE 1 | Experiment 1. Five frames relative to each of the six videos used as stimuli. The object shown at step (a) for 1000 ms is the Cue and represents the Target appearing in 60% of the trials (Same trials). In 20% of the trials the uncued Target was presented (Different trials). In 20% of the trials the Target was not presented. Participants had to respond by tapping with their right index finger on a conducting pad placed on the table when Target object appeared (flat-flat, flat-sharp, sharp-sharp, sharp-flat), and to refrain to tap when the object did not reappear (flat-catch, sharp-catch). In one session the kinematics of the agent was suitable to grasp the cued object (Cue congruent kinematics). In the other session the kinematics of the agent was not suitable to grasp the cued object (Cue incongruent kinematics). See text for more details.
opposition space used in the videos. Grasping the sharp tip object by having the two tips in correspondence of fingers' opposition space was impossible as it was quite painful. In contrast, grasping and lifting the flat object was very easy. Afterward they completed a training block of 10 trials in which all videos were presented to familiarize them with the experimental stimuli.
Participants were submitted to 200 trials: 60 trials for both flat-flat and sharp-sharp videos; 20 trials for both flat-sharp and sharp-flat videos; 20 trials for both catch-flat and catch-sharp videos.
The experiment was subdivided into two sessions, each consisting of 100 trials. Each session differed for the Cue object. The order of sessions was counterbalanced between participants and the second session was executed after a brief rest period. The trials were randomized within each session.
Data Analysis
Mean RTs of responses were used for the analysis. Data were entered into and analyzed by two-way repeated measures analysis of variance (ANOVA). The study used a 2 × 2 design with two repeated-measures variables: Kinematics congruence (congruent versus incongruent) and Identity (same versus different). All pairwise comparisons were performed using the Bonferroni post hoc test. A significance threshold of P < 0.05 was set for all statistical analyses. Effect sizes were estimated using the partial eta square measure (η 2 p ). The data are reported as mean ± standard error of the mean (SEM).
Results
The two-way ANOVA on RTs revealed a significant main effect of Identity ( (Figure 3) . Bonferroni post hoc analyses indicated that when the kinematics was congruent with the Cue, RTs were faster in same trials (261.83 ± 8.36 ms) than in different trials (266.72 ± 8.67 ms; p = 0.04). When the kinematics was incongruent with the Cue, the Identity effect did not occur, indeed RTs in same trials (264.33 ± 9.23 ms) did not differ from RTs in different ones (263.61 ± 9.8 ms; p = 1).
The number of error trials was irrelevant. Furthermore, almost all the errors detected were generally due to temporary problems in the conducting pad. Responses given during catch trials were almost absent (at most two errors for each participant).
Experiment 2
The results of Experiment 1 indicated that the facilitating effect determined by the expectation of the cued target was present only when the observed kinematics was suitable to grasp it. However, given the impossibility to design an experiment considering the counterbalance between the two types of kinematics (absence of two objects and two types of grasping able to satisfy in an orthogonal way all the experimental requirements), it is not possible to exclude that the absence of the facilitating effect for the sharp object was determined by the object itself and not by the observation of an incongruent kinematics. To solve this question, and to verify if mere object-identity expectation is able to influence object detection RTs, we replicated Experiment 1 but the superimposed video always showed the agent at a rest position.
Materials and Methods Participants
A new group of 20 students (10 females) of the University of Ferrara (mean age = 24.45 years, standard deviation = 3.48) participated in the experiment. All participants except two were right-handed. Participants were unaware of the purposes of the study and were debriefed at the end of the experimental session.
Stimuli and Procedure
Before the experiment participants were required to grasp and lift the two real objects with the same grasping used in Experiment 1. Therefore, no difference in motor experience was present between the two groups of participants.
The only difference between the two experiments regarded the stimuli: the video showing the grasping in Experiment 1 was always substituted by the still image of the agent at a rest position as in step (a) of Figure 1 .
The instructions, the sequence of events, the number of trials, the time of target presentation and the type of response, were exactly the same as in Experiment 1, apart from the absence of the condition Kinematics congruence (Figure 4) .
Data Analysis
Mean RTs of responses were used for the analysis. Data were coded on the basis of the type of Cue (flat, sharp) and the identity between the Cue and the Target (same, different). Data were entered into and analyzed by two-way repeated-measures ANOVAs. The study used a 2 × 2 design with two repeatedmeasures variables: Cue (flat, sharp) and Identity (same or different). All pairwise comparisons were performed using the Bonferroni post hoc test. A significant threshold of p < 0.05 was set for all statistical analyses. Effect sizes were estimated using the partial eta square measure (η 2 p ). The data are reported as mean ± SEM.
Results
The two-way ANOVA on RTs revealed that the main effect of The number of error trials and of catch trials was irrelevant. Therefore, the present results indicate that, relatively to the present experimental design, mere object-identity expectation is not able to influence object detection RTs and, consequently, we can exclude that the absence of the facilitating effect for the sharp object found in Experiment 1 was determined by the object itself. It is to note that RTs are clearly slower than those obtained in Experiment 1. This finding is probably due to an unspecific effect determined by motion observation.
Discussion
The Premotor theory of attention is an influential idea that experimentally rejected the information processing models of attention. These models claim that information enters the sensory or motor system and is then relayed into memory via an attentional mechanism that is independent of the sensory and motor system, conceiving it as a modular, "higher" cognitive function. On the contrary, according to the Premotor theory of attention, spatial attention and attention to objects are the consequence of activation of the motor system, and shifts of attention are achieved by planning goal-directed actions, such as eye-movements and reaches, according to the cues present in the environment. A series of studies investigating the presence of a representational sharing between action execution and action observation indicate that grasping observation automatically orients attention toward the mechanical events that arise from interactions between the actor's hand and objects (Craighero et al., 2008; Craighero and Zorzi, 2012; Flanagan et al., 2013) . To deeply understand this phenomenon, the present study aimed to verify if observing an agent executing a grasping action induces a faster detection of the to-be-grasped object. We submitted participants to a simple RT task in which the target appeared always at the same position but its identity changed with a fixed 75-25% ratio, according to a cue presented at the beginning of each trial. Superimposed to the cue-target presentation, an agent performing a reaching-grasping action toward the target was presented. The target appeared at the time-to-contact of the hand grasping the target. However, the kinematics of the observed action was suitable to grasp only one of the two possible targets. Participants were aware of the suitability of the observed grasping because, before the experiment, they were asked to try to grasp and lift the two objects once by using the same finger opposition space used in the videos. This experience allowed them to know that grasping the sharp tip object in this way was not possible. Results showed that the irrelevant observed movement, characterized by a kinematics incongruent with the to-be-grasped object, dramatically influenced the results, canceling the facilitating effect induced by the cue that was present when the kinematics was congruent with the object. The results of Experiment 2, in which the agent was presented always at the rest position, showed the absence of a facilitating effect, independently from the identity of the cued object. These data excluded the possibility that the difference between the two kinematics conditions was determined by specific characteristics of the objects themselves. Furthermore, they excluded both the possibility to influence object-identity expectation by manipulating its probability, and the presence of an effect of priming, when tested in a simple RT experiment. The priming effect, i.e., the notion that merely attending to a feature enhances the processing of that feature across the visual field, may occur in an automatic bottom up way (Theeuwes, 2013) . This priming may have a mere sensory origin: Target selection derives from the setting up of a target template that needs to be matched to a sensory signal (von Wright, 1970) . Alternatively, priming may have a sensorimotor origin. In accord with neurophysiological (Di Pellegrino et al., 1992; Gallese et al., 1996; Martin et al., 1996; Rizzolatti et al., 1996; Grafton et al., 1997; Chao and Martin, 2000; Gerlach et al., 2002; Grezes and Decety, 2002; Grezes et al., 2003; Carpaneto et al., 2011) and psychophysical (Klatzky et al., 1995; Craighero et al., 1996 Craighero et al., , 1998 Tucker and Ellis, 1998 Ellis and Tucker, 2000) evidence, seeing an object facilitates an action congruent with the visual properties of that same object. However, none of the cited works used a simple RT experiment with no comparison between responses given by the two hands (i.e., one hand can be more suitable than the other in interacting with the to-be-responded object; see Tucker and Ellis, 1998) .
The Facilitating Effect is Modulated by the Observed Action Kinematics
The main result of the present study is that simple RTs recorded in response to the detection of the target object were faster when the target corresponded to the cue indicating the higher probability of appearance of the target, but only when the kinematics of the reaching and grasping action presented in the background, and irrelevant for the task, was suitable to grasp the cued object. In light of the results of Experiment 2, it is necessary, therefore, to consider a possible influence of observed action kinematics on task execution. A recent experiment indicated that during grasping observation, time-to-contact detection times were delayed, and motor evoked potentials recorded in hand intrinsic muscles were reduced, when the observed movement was not suitable to grasp the object . These results are interpreted as evidence that during grasping observation the motor system of the observer is automatically influenced both by the seen movements and by the intrinsic properties of the to-be-grasped object. According to this possibility, we can assume that the vision of the sharp object as cue automatically activates the sensorimotor representation of the only possible action suited to grasp the object, which is to grasp it along its shorter axis which does not present sharp tips (sagittal grasping). However, as soon as the observed movement begins, it activates the sensorimotor representation in the observer relative to the grasping along the object's longer axis (parallel grasping). Therefore, in this cue incongruent kinematics condition, the action representation activated by the to-be-grasped object (sagittal grasping) and the one activated by the observed movement (parallel grasping) do not coincide. This incongruence may determine a reduction in the excitability of the underlying motor circuits, causing a decrease in the ability to perceive related visual stimuli (Borgomaneri et al., 2015) . This effect may explain the absence of the facilitating effect. This possibility is supported by the experimental evidence that motor evoked potentials, recorded during observation of a grasping movement in which the kinematics is not suitable to grasp the to-be-grasped object, did not differ from those recorded during the control condition . These results reveal a reduction in corticospinal excitability, indicating the presence of a motor suppression during observation of incongruence between the sensorimotor representation cued by the to-be-grasped object and that cued by the observed action. This finding is in accord with other results present in literature (Gangitano et al., 2004; D' Ausilio et al., 2011) suggesting that the proactive role of the motor system, able to anticipate the consequences of actions on the basis of contextual cues, and acting as an online feedback-based control strategy, stops whenever the activated motor plan ceases to match the attended one, probably reflecting the necessity to make the necessary corrections. Already, Lotze (1852) suggested the possibility that perception involves an anticipation of the relevant action by arguing that the organization of sensorial data is the outcome of its integration with information gleaned from the muscles, and Janet (1935) , ranked alongside William James and Wilhelm Wundt as one of the founding fathers of psychology, also claimed the predictive nature of perception by proposing that our brain formulates hypothesis for movement, predisposing the action best suited to the situation, prior to making any movement. People may use internal predictive models to provide sensory expectations that are used to monitor and control goal-directed actions (Desmurget and Grafton, 2000) . Analogously, it has been argued that the same internal modeling mechanisms are reused when we encode another's action in terms of our own motor repertoire (Fadiga et al., 1995; Gallese et al., 1996; Rizzolatti and Craighero, 2004; Fazio et al., 2009) . In this sense, the motor system might furnish an attentional-like mechanism able to prime perceptual processes (Rizzolatti et al., 1987 (Rizzolatti et al., , 1994 Rizzolatti and Craighero, 1998) .
In the condition in which the kinematics of the movement is suitable to grasp the cued object, the incongruence between sensorimotor representations is not present and therefore the motor system may fully contribute to the prediction of the sensory expectation regarding the target object. The cue activates the related grasping movement representation or, alternatively, all the possible related grasping movement representations. Specifically, both the sagittal and the parallel grasping are suitable to grasp the flat object. In this case, parallel grasping is consistent with the observed action, and the activation of its motor representation reduces the time required to detect the visual object the intrinsic properties of which match those of the cue, as happens in the classical motor-visual attentional effect (Craighero et al., 1999) .
The Facilitating Effect Probably is Not Determined by the Observed Action Kinematics Only
Present data, however, cannot be considered exclusively as an automatic effect of object and action observation. The magnitude of the RTs excludes the possibility that the response given by the participants was solely driven by the temporal dynamics of the observed action or by the internal replica of that action. In time-to-contact experiments, when the instructions to the participants are to respond at the instant at which the agent in the videos touched the to-be-grasped object (Craighero et al., 2008 Craighero and Zorzi, 2012) , results show that subjects' response times are well below those commonly found in simple RTs tasks, being almost coincident with the instant of touch (e.g., in Craighero et al., 2014 ; in response to suitable actions observation: mean = −12.37 ms, SEM = 8.94). Mean simple RTs for college-age individuals are about 190 ms for light stimuli and about 160 ms for sound stimuli (Galton, 1899; Fieandt et al., 1956; Brebner and Welford, 1980; Welford, 1980) . These findings are in favor of the interpretation that, to accomplish the time-to-contact detection task, participants indeed used a predictive model which allows internally simulating the instant of touch and giving the response accordingly. The magnitude of the present RTs (the total mean is around 264 ms), on the contrary, is more similar to the one usually recorded during the execution of an orienting of attention task (e.g., Posner et al., 1978 ; the range covered by invalid and valid trials is between 200 and 300 ms) than to the magnitude of simple RTs or of time-to-contact detection times. Consequently, it is likely that this difference is prompted by the fixed 75-25% ratio of target identity probability indicated by the cue. However, further experiments are necessary to verify this possibility. In particular, one possible modification of the experiment could be quite interesting, that is the replica of the experiment including a 50-50% ratio for target identity probability. This condition could be represented by the absence of the cue, or by the appearance of an object neutral regarding the requirements for affordance (e.g., a sphere), or by the same cues used in the present experiment with the explicit instruction to the participants that they do not indicate any difference in the probability of the identity of the target. If RTs are modulated by the explicit probability of appearance of the target, this may be a sufficient demonstration of a "more cognitive" evaluation of the cue.
Physiological Evidence in Favor of the Interpretation of the Results
The main tenet of the present paper is that during grasping observation the motor system of the observer is automatically influenced both by the seen movements and by the intrinsic properties of the to-be-grasped object. A long series of experiments provides physiological evidence in favor of this possibility. Neuroimaging studies have shown that both the observation of others' actions (for a meta-analysis see, Caspers et al., 2010) and the observation of manipulable objects (Chao and Martin, 2000; Okada et al., 2000; Grezes and Decety, 2002; CreemRegehr and Lee, 2005; Noppeney et al., 2005) are associated with activation in motor-related regions. This type of research was prompted by the finding that in monkey ventral premotor area F5 there are visuomotor neurons discharging during the execution of specific motor acts and during the observation of graspable objects ("canonical" neurons; Murata et al., 1997; Raos et al., 2006) , or during the observation of others' grasping actions ("mirror" neurons; Gallese et al., 1996; Rizzolatti et al., 1996) . Canonical neurons are deemed to be crucial for the transformations of object physical properties into the most appropriate motor act (Jeannerod, 1995) , while the crucial feature of mirror neurons consists of matching the sensory description of an observed act with its corresponding motor representation in the observer's brain (Rizzolatti and Craighero, 2004) . The presence of these two classes of visuomotor neurons is clearly in favor of the idea that motor representations can be activated either by the sight of potential target objects or by the observation of other's actions. A very recent experiment, however, added a substantial novelty to the way in which the motor system may be activated by an action related-visual stimulus. In fact, Bonini et al. (2014) showed the presence in the same ventral premotor area F5 of a set of neurons showing both canonical and mirror properties, discharging to object presentation as well as during the observation of experimenter's goal-directed acts (canonicalmirror neurons). The authors argued that these neurons might provide a predictive representation of the impending action of the observed agent. This finding largely simplifies the interpretation of the results of the present paper, by easily explaining why no facilitating effect should be present when the observed grasping action and the to-be-grasped object are incompatible. According to the functional properties of these neurons (they fire both during object observation and during the observation of another individual grasping that object), in fact, it is not necessary to separately discuss the influence of the seen movements and of the intrinsic properties of the to-be-grasped object, since these informations converge on the same neuronal substrate. Only the presence of congruence between the converging information could activate this type of sensorimotor representation.
Conclusion
The present study investigates for the first time the effects of identity probability cueing on a simple RT task. Results show that, even if the identity of the target is irrelevant for the task, when the target is a graspable object, all the motion cues present in the context suggesting target identity inevitably influence the response. Only when all the cues are congruent, a facilitation in simple RTs is present. These data are in favor of the idea that, during grasping, the motor system works as a feedforward anticipatory mechanism based on contextual cues, in order to predict the mechanical events that arise from interactions between the hand and the object. This mechanism is constantly verifying incoming information and it quiets whenever an incongruence is present, probably reflecting the necessity to make the necessary corrections. The contextual cues influencing the mechanism, however, seem to be not only those determining an automatic involvement of the motor system, such as action observation or the knowledge of the to-be-grasped object intrinsic properties, but also those inducing a voluntary expectation of the target object, such as the experimentally manipulated ratio of target identity probability. This last observation points to what commonly happens in real life during grasping execution, when we actively look for the object we want to grasp, selecting it among the multiple objects present on a cluttered table.
